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1. 
A. INTRODUCTION 
Free radical polymerization of olefine in the pre-
~ence of some organic compounds containing active hydro~ 
~en or halogen atoms gives low molecular weight polymers. 
A relatively low degree of polymerization was first ob~ 
s,erved by Suess and co-workers (6) (7) in 1937, when they 
prepared polystyrene in the presence of carbon tetrachlo-
rlde. Analysis of such polymers revealed four chlorin~ 
a}oms per molecule of polymer, (23) (24) an indication 
t~at carbon tetrachloride combines with the growing chains. 
These findings were interpreted by Mayo (8) in 1943 in 
! 
terms of a chain transfer process. A growing polymer chain 
' 
r~oves an atom or group from the solvent molecule, at the 
I 
s~e time forming a new radical or growing center, and 
in, so doing the average molecular weight* of the polymer 
is\markedly reduced. 
* Practically all organic polymers are mixtures of 
la~ge moleculej having different numbers of monomeric 
units. 
The mechanism of the chain transfer process can be 
',expressed as follows: 
~. """R. + cult- ~-=Rce + cce~ 
(growing polymer chain) 
2. 
4. 
' 
• Cct3 + ' / t=.<; ~ 
/ \ 
(monomer) 
' / 
' Cet3 - c I 
I • 
c 
' 
'\'\. c. = c --)-
1 ' 
[ '\ I] • c ce, ~ c c.e3 ; -c. c..e +' ctJ \ 1'4+1 
,fhe polymers produced by this process have a general 
: \ I 
for\mula X( C. - ( ) y where X and Y are fragments of 
I \ ~ 
the: solvent XY and n can be any integral number. This 
typr of polymer, with'.n)l has been called a telomer, and 
the process telomerization. This process increases the 
number of different polymer molecules beyond those to 
be expected from the monomer alone by the action of the 
cata,lyst. 
3. 
As a free radical source, benzoyl peroxide or acetyl 
peroxide can be used although other initiators such as 
azo-bis-isobutyronitrile are satisfactory. 
Chain transfer may occur also with the solvent and 
free radical fragments from the initiator as follows: 
! 
l.) ("Rc.oo).?. ~ .t-=Rcoo· 
catalyst 
Various organic compounds have been found to act as 
c~ain transfer agents (26). Hydrocarbons containing 
s~condary or tertiary hydrogen atoms in the alpha posi-
t1on to the benzene ring can act as chain transfer agents. 
' 
Chtorobenzene is unreactive as is t-butyl benzene (8). 
The most reactive however are alkyl polyhalomethanes. 
A chain transfer process occurs with particular ease in 
the! case of bromotrichloramethane wh1.ch undergoes pre-
' fe~ential scission of the C-Br bond, and since it absorbs 
lig~t almost up into the visible rangi', ph.oGo-ir.i t.:_at.ion 
is reasible using near-ultra-violet light. 
¥any of the chain transfer agents have round applica-
tion as molecular weight .modifiers in the preparation 
4. 
of different polymers, The reactions of alkyl polyhalides 
with olefine have "also: received extensive evaluation with 
the objective of preparing addition products containing 
'one molecule each of olefin and alkyl polyhalide. Such 
a product was first reported by Kharasch (9) in 1945. He 
vrepared 1,1,1,3-tetrachloromonane and 1,1,1-trichloro-
nonane in the presence of radical sources, by reaction of 
1-octene with carbon tetrachloride and chloroform respect-
~vely' 
' Since that time, many other products containing one 
molecule each of olefin and polyhalomethane were reported. 
' 
A very good summary of these reactions is given by Cheves 
Walling (10). In Table I are listed some of the more 
' 
important halides and olefine studied in the radical addi-
tion reactions. 
Ethylene (1,29,35) 
Fropylene {1,5,36) 
hobutylene (5) 
~-Butylethylene {4) 
l•Heptene {4) 
TABLE I 
OLE FINS 
1-octene (9,1) 
l,-Hexadecene (4) 
£rlohexene (4,37,38,39) 
Blallyl {1) 
' 
Bl!ltadiene {40) 
Allyl chloride {5) 
Vinyl butyl ether {41) 
Allyl acetate (5,2) 
Vinyl acetate {42,43) 
Ph~nylacetylene {44) 
I 
Styrene (2,38,45) 
p•$hlorostyrene (45) 
' 2,4•Dichlorostyrene {38) 
~ ~Methylatyrene" (45) 
All~lbenzene (38) 
Halides 
c 014 CH 012 Br 
c c~3 Br CH Br3 
CH d13 C 012 Br2 
5. 
Allyl bromide {38) 
Isopropenyl acetate (45) 
Butadiene sulfone (40,46) 
Dimethyl fumarate {47,48) 
Dimethyl maleate {47) 
2-Methyl-2-butene {38) 
Cyclopentene {39) 
2-Ethyl-1-butene {38) 
Cyclohexadiene {39) 
2-0ctene {2) 
1-0ctyne {44) 
Acetylene {49,50) 
2-Butene {51) 
Camphene {52,53) 
Lmonene {54,55) 
~-Pinene {56,55) 
(!1-Methyht.y,rene: {38) 
Acrylonitrile {57) 
Cyclopentadiene {39) 
C Br4 c F3I 
C H r3 c F2 Br2 
C 013 I 
6. 
The majority of the above reactions were run at 
60°•100°0 using a few percent of benzoyl or acetyl per-
'OXide as initiator. Since an excess of polyhalomethane 
favors the formation of products containing one molecule 
each of olefin and polyhalomethane, a considerable excess 
of polyhalomethane was used in the reaction, Telomere 
•ere not desirable and were not investigated, 
To our knowledge the first telomere more clo~y invest~· 
g~ted,<.were prepared from ethylene (27). Ethylene was 
~elomerized between 60°0 and 150°0 and art; ~~levated pressure, 
p~ferably between 20 and 2000 atmospheres in the presence 
of peroxide catalyst and carbon tetrachloride, Telomere 
ibolated by fractionation of the reaction mizture are 
listed in Table II: Some propertie• of the telomere are 
included, 
TABLE II 
Telomere resulting from ethylene and carbon tetrachloride. 
' 
----·-- T ------- - ---- - -------Empirical Ref. d25 
Formula B,P, Index 4 0 H Cl 
03~4014 58-60°/24mm. 1.4794 1.4463 --- --- 77.16 
o5~8ol4 lll•ll3°/24mm, 1.4859 1.3416 28,78 3.75 67.70 
' l42-144°/24mm, 07~12°14 1.4825 1.2535 35.40 5.19 59.90 
OgHl6014 167-169°/24mm. 1.4804 1.1943 i i --- --- ---
' 
i 
' 
I 
' 
' 
' 
l 
I 
' 
i 
The structures of these compounds were established as 
·follows: 
Fraction c3a4c14 • was treated with concentrated sul-
furic acid. The resulting homogeneous solution was poured 
on ice, and extracted with ether. From •he ether extract 
there was isolated beta-chloropropionic acid• boiling at 
ll0°C./20mm; melting point 40°-42°0. This behavior proves 
the material to be Cl(CH2 ~c13 • This mono-addition pro-
4uct of carbon tetrachloride to ethylene is not c0nsidered 
a telomer, since it contains but one ethylene unit. 
Fraction c5H8c14 on similar treatment with concentrat-
ed. sulfuric acid• yielded an acid boiling at 122.5-125°C/8mm., 
w~ich had a neutral equivalent of 136.2. The calculated 
neutral equivalent for chlorovaleric acid is 136.5. The 
s~ructure of the acid was shown by heating a methanol solu-
t~on of its sodium salt. After filtration of the sep-
: 
arated sodium chloride the solution was distilled to yi8ld 
t~ known delta-valerolactone whi~h boiled at 92°C/8mm •• 
* nl>." 1.4450. This was converted to the 
or: 5-hydroxy-valE·ric acid which melted 
known hydrazide 
0 
at 105 c. This 
aeries of reactions proved that the compound c
5
H8c14 has 
th~ structure Cl(CH2 )4CC13 • I 
!Fraction c7a12c14 on treatment with c<'mcentrated sulfur-
ie 1acid at 95°0. yielded an acid which boiled at 136°-137°C/5mm., 
' and: had a neutral equ 1 valent of 165.2. The calculated neu-
tal': equivalent for chloroheptano1c acid is 16lf.5. The sod-
ium:salt of this acid was treated with sodium cyanide. and 
8. 
the resulting product was hydrolysed with potassium hy-
droxide. Acidification yielded suberic acid, a known 
material which after recrystallisation from water melted 
at 138°-140°0.1 and had a neutral equivalent of 86.4. This 
series of reactionsestablished the structure Cl(CH2 )6ccl3 
for tetrachloroheptane. 
Identical work on telomerization of ethylene with carbon 
tetrachloride has been reported by R.M. Joyce and co-workers 
(28) in 1948. At ethylene pressure of 1500 lb./~q. in., the 
the · • 
~ajor por-tion of the product was composeq of first three 
members of the series Cl(CH2cH2 )nCC13 • The structures of 
trese compounds were established by the reactions shown 
below: 
Hz.O 
) 
~armon (29) investigated telomerization of ethylene with 
CHC~3 • CH2Cli, CH2c~, CH2Br2 , CH3r and found that the 
9. 
average chain length of the reaction product increases 
·with increasing concentration of ethylene relative to hal-
omethane. He also established the reactivity of halogens 
to be I) Br ) Cl. 
Ethylene was also telomerized with hydrogen chloride 
(30). The suggested mechanism for this telomerization is 
as follows: 
• 1. Initiators--------~ R 
2. R+HCl------------~ R-Cl~· 
• • ;. H + c~4 ----------,. CH3CH2 
• • 4. ca3ca2 ,~ort"'"(C2H4 )-----~ CH3cH2 (cH2CH2 )n 
5 • CH3 CH2 ( CH2 CH2 )~ -+HCl------~ CH3 CH2 ( CH2,tH2 ) n Cl.H'1 
Alkyl chlorides up to eicosyl chloride, which is a 
solid melting at 27.8°c.1 were separated from th6se reactions. f 
Telomere of ethylene with formalJehyde (33), and methyl-
bromoacetate (34) were reported. Much work has recently 
I 
been done on telomer1zation of ethylene with silanes (58). 
The products obtained have a general formula. 
f 
Another olefin telomerized with HCl was styrene (30). 
No ¢lose identification of telomere was made. 
aome vinyl ethers form telomere with carbon tetrachloride 
(32)'. The mechanism is a free radical one giving the chains 
10. 
of the following structure. 
CC13-cH2-CH-(CH, CH) -CR2-CH-Cl I 2 I n I 
Oft OR OR 
Very little has been published on telomerization of 
propene which has been chosen for our work. The addition 
reactions of propene were first reported by Kharasch (1) 
in 1947. The only product identified was l,l,l,trichloro-3-
bromobutane(2). The mechanism and rate of the addition 
ot different tetrahalomethanes to propene were investi-
gated by Kooyman (3 ,4) and Lewis but no identification of 
te~omers was made • 
. OUr objective was to prepare telomere of propene with 
carbon tetrachloride by a free radical process and also by 
me~s of stereospecific complexes for which an ionic mecha-
ni~m is proposed. The latter is of particular interest 
' 
since all telomerization reactions reported in the litera-
ture up to now were made by free radical mechanism. 
~ further objective of our work was to investigate the 
pos$ibility of transforming the products obtained from tel-
ome*ization of propene with carbon tetrachloride, into 
X-halo carboxylic acids and X-a.mino carboxylic acids. 
Tpese amino acids could find a practical application in 
the preparation of a new type of polyamide polymers having 
the following structure. 
NH -CH-CH 
2 l 2 
CH 
3 
11. 
Stereospecific complexes could lead to stereoregulated 
telomers which could be optically active. 
TELOMERIZATION OF PROPENE BY FREE 
RADICAL MECHANISM. 
12. 
1. SYNTHESIS OF 1,1 ,1 ,X-TETRACHLOROALKANES, 
a. Reaction at atmospheric pressure: 
The preparation of telomere of propene with carbon tet-
rachloride was first attempted at normal atmospheric pressure. 
The experiments were carried out in a 500 ml. three-
necked flask equipped with a stirrer, gas inlet tube, ther-
mometer and condenser. The outlet of the condenser was 
copnected to a trap cooled in ice water and then to a trap 
cooled in Dry Ice, 
Carbon tetrachloride (200g., 1.3 moles), freshly distill-
ed, and benzoyl peroxide (l,Og., 0,0041 mole) were heated 
to :76°C, At this temperature propene gas :was slowly passed 
into the reaction mixture, A slow steady addition of pro-
-$ peneocontinued for 3t hours, 1oh1le the temperature of the 
reaption mixture was kept at 76°c. After 3t hours the add-
itipn of propene was stopped and the excess of carbon 
13. 
tetrachloride solvent (182g.) was removed by distillation 
at atmospheric pressure. From the residue on standing 
over night, colorless needles (O.l67g.) separated, After 
0 filtration, the crystals were dried in an air oven at 40 C • 
. These crystals melted at 104°C. and on heating at a higher 
'.temperature exploded. This indicated that the material 
was benzoyl peroxide which had not decomposed during the 
?i hours at 76°C. That some benzoyl peroxide will remain 
undecomposed after 3i hours at 76°C. would be in agreement 
with the findings of Doehnert and Mageli (59) who studied 
the decomposition of twenty organic peroxides at different 
t,emperatures. They found th~alf life for benzoyl peroxide 
0 a~ 76 C. to be 7 hours. 
The filtrate obtained after the separation of the 
crystals of benzoyl peroxide was fractionated under a vacuum. 
After some residual carbon tetrachloride distilled a very 
s~all fraction (0.42g.) bo1linF at 131~132°C. and melting 
at -55°C. was obtained. That this was chlorobenzene was 
cohfirmed by its infrared spectrum. Further fractionation 
gave the following fractions: 
Finst fraction (4.5g.) boiling at 52-54°C. (Smm) 
SecAind fraction (2.13g.) II II 80-81°C. (Smm) 
ThH•d fraction (l.lOg.) II II 104°c. (2mm) 
Residue Co.sg.) 
A very small amount of the material collected between 
each fraction was not investigated. 
14. 
Analysts of these fractions, summarized in Table III, 
shows a progressive decrease in chlorine content. The 
'analysts are in agreement with the following structures 
differing only in the number of propene units in the mole-
cules. 
1,1,1,,-tetrachlorobutane 
Cl-CH-CH -c 
I 2 
CH3 
1,1,1,5-tetrachloro-3-methylhexane 
1,1,1,7-tetrachloro-3, 5-dimethyloctane 
Cl-CH-CH2-CH-CH2-CH-CH -C 013 I I I 2 
CH3 CH3 CH3 
• The isolation of chlorobenzene from the reaction mixture 
indicated that the first step in the reaction is a decem-
poilitlion or t.n"' perox1de:o..and the removal of a chlorine atom 
' 
from carbon tetrachloride to form a trichloromethyl radical 
(88,89,90,91). 
• 
1. {R COO) --------+ 2R C 0 0 -------
2 
• 2. ~ + C 01
4 
_______ ..,_ R Cl • + C Cl 
3 
The ~eaction then proceeds as indicated: 
• 
• 2R + 2002 
3. C,Cl3 + CH3CH; CH2 -------~ C 013 - CH2 -
• 
) 
Product 
Carbon Tetra-
chloride 
Benzoyl 
peroxide 
rhln~l"'\-
benzene 
1,1,1,3-Tetra-
chlorobutane 
1,1,1,5-Tetra-
chloro-3-methyl 
hexane 
1,1,1,7-Tetra-
chloro-3,5-di-
methyl-octane 
Residue 
) 
TABLE Ill 
Products (so 1 a ted from the reaction between 
propene and carbon tetrachloride at atmospheric 
pressure. 
~by wt. M0P. 
· f CC1 4 c used 
' 
92.5 -22.8 
0.0835 103 I 
I : I 
0.21 
-55 
2.25 
1.64 
0.55 
0.25 
§/· I den- F o u n d !Calculated ! Formul ! n2s 
I sity 
-·-·' 
D I I 25°C c I H : c 1 i c H Cl 
.l! 
_j_ 
I I 
7fl.8 1.4593 -1 1.58 I I 
' 
l I I 
I 
' I I 
ex- ' i 
pi odes I I ! I I I 
! • I 
132 i 
I 
52-54 ! - : lclCHCH2CCls 
(5mm.) :1.4775 )1 25.52.9 70.8 24.6 3.1 !72.31. CHs 
I 
------- -- -- -1 -.- i 
80-81 ! . iC ~HCH_iF.C is f-' 
(5mm.) 1.4794 1 )1 35.3 5.1 60.0 35.3 i5.05i 59.~ CHs :t ~ 
! 
104 . (2mm.) 1.4843 I )1 
)1 
, _ 1 l C l[CHCH~C 1 s 42.5 6.2 51.3 143.016.4 150.7 CHs 3 
--
4. C Cl -CH
2
-CH• +ll.hH . .::;; CH 7_ ___ ~ 
3 I [ 2 I J 
· CH3 CH3 
C Cl -3 
16. 
Reaction 4 produces telomere containing several monomer 
units per C c13 radical formed. Reaction 5 on the other 
hand leads to a termination of the chain. 
Increase in the concentration of carbon tetrachloride 
will favor reaction 5 at the expense of reaction 4. Reactions 
performed in the presence of the excess amount of carbon tet-
r~chloride relative to the propene should therefore favor 
I 
the formation of addition product containing one molecule 
of propene per one molecule of carbon tetrachlorideJ 
·In our experimental work just described, benzoyl peroxide 
was used in a catalytic amount (0.5% by weight of carbon 
tetrachloride), and the carbon tetrachloride was in a large 
excess over the propene and yet a relatively high proportion 
of' ,telomere was obtained. This would indicate that at higher 
pr~ssures where the propene-to-carbon tetrachloride ratio 
wou~d be increased a relatively small amount of one-to-one 
product should be obtained •. 
In order to give a comparison between tetrachloroalkanes 
obtained in our experiments and polypropylene·.• fractions 
17 • 
. obtained catalytically from propene by the use of s1lico-
tungstic acid (11), some physical data of the latter are 
given in Table IV. 
Polymerization of propene by phosphoric acid (92,93) 
~ives the same results. The fractions with wide boiling 
are 
ranges are obtained in all cases and when analysed, shown 
to be a mixture of saturated and unsaturated compounds 
corresponding to dimers, trimers, and tetrGmers. 
TABLE fY 
Physical Properties of Polypropylenes. 
Fraction Bolling d20 20 M. w. ( exp.) Range oC 4 n D 
' 
Pr~pene 47.0 
-- --
42.08 
D11Bier 53-71 0.683 1.3955 85-101 
' 
Trimer 125-150 0.744 1.4246 125-154 
' 
Tetramer 170-190 0.770 1.4362 160-170 
Res1Jdue 
---
0.8 1.4595 225 
18. 
b. Reactions at higher pressure: 
It was previously concluded that an increase dftthe 
,amount of propene relative to the carbon tetrachloride 
1
should increase the yield of telomers. In order to prove 
... ~his assuption and to obtain a larger quantity of the pro-
ducts, the telomerization ~f propene was carried out at a 
pressure of 27 atmospheres and at a temperature of 94-130°0. 
The experiments were performed in a 1 gal. stainless 
steel autoclave equipped with stirrer and internal water 
cooling coil. Since the telomerization reactions may be 
e~losive (12) when performed under pressure, the reactions 
were performed in water which appears to be an efficient 
mpderator by dissipating the heat of the reaction. Distilled 
water (l200g.), carbon tetrachloride (91.3g., 0.59 mole) 
and benzoyl peroxide (0.5g., 0,0020 mole) were placed in 
the autoclave. The autoclave was then purged for 2 minutes 
with nitrogen gas. Propene (40g., 0.95 mole) was then intra-
duped and the agitation started, The contents were heated 
to 94-130°0., keeping the pressure at 27 atmospheres. After 
4i' hours the contents were cooled to room temp<Crature. 
The autoclave was vented and the contents collected in a 
separatory funnel. 
,Two layers appeared. One hour was allowed for a good 
separation of the layers. The bottom layer consisted of 
carbon tetrachloride and the products of telomerization, 
19. 
'While the top layer was water. The bottom layer was sep-
arated and dried over anhydrous sodium carbonate, After 
'the filtration 55.6g., of oil was obtained, Since the 
charge was relatively small compared with the size of 
the reaction vessel,(lgal,) a considerable amount of the 
material was lost on the walls of the vessel, cooling coil, 
thermometer, and inlet tubes, 
Four consecutive runs were made as described above, 
The experimental conditions and the charge were the same 
in each case. The amount of the oil phase obtained in 
each individual experiment after drying and filtration 
wlue as follows: 
Experiment #l oil phase 55.6g, 
2 " " 54.7" 
3 II " 58.7" 
4 " " 60.1" 
Total 229.1 g • 
. The products from all four experiments (229 .lg.) were 
co~bined, Carbon tetrachloride l75.6g, was removed by 
distillation and the residue fractionated under reduced 
pressure. Fractions obtained were as follows on the next 
pag,. 
20. 
First fraction (23.28g.) boiling at 52-54°c. (5mm) 
Second fraction (22.55g.) II II 80-81 °V. (5mm) 
~hird fraction (2.3lg.) II II l04°c. (2mm) 
Residue ~2.2:Z:S·l 
Total 50.4lg. 
The fractions obtained had a very sharp bQiling range 
and were considered pure compounds. A very small amount 
of the material collected between each fraction was not 
investigated. 
The analysis and some physical properties of the above 
fractions are summarized in Table v. The results are in 
a:very good agreement with the data obtained in the pre-
vious experiments. The chlorine content is progressively 
' 
decreasing as the number of propene units in the molecule 
increases. 
The structures which can be assigned to each fraction 
can again be writien as follows: 
Filrst fraction: 
1,1,1,3-tetrachlorobutane 
Cl-CH -CH -c c1
3 I 2 
CH3 
Second fraction: 
1,1,1,5-tetrachloro-3-methylhexane 
Cl-CH-CH •CH-CH -c Cl
3 I 2 I 2 
CH3 CH3 
( 
TABLE V 
Properti~s and analysis of telomers from propene 
and carbon tetrachloride prepared at a pressure of 
27 atmospheres. 
Product 
B.P. 
. oC 25 nJJ den-
sity 
1,1,1,3-tetra- . 
chlorobutane 52-54(5mm)~,4775 )1 
1,1,1,5-tetra-
chloro-3-metyl- 80-81( 5mm)!l ,4794 )1 
hexane 
1,1,1,7-tetra- 104 (2mm)~,4843 )1 
chloro-3,5-di- · 
methyl octane 
104 (2mm)i 
Residue 
Found Calculated 
------' 
C ' H Cl c H Cl 
25.9 3.0 70.9 24.6 3.1 72.3 
35.3:5.2 59.7 35.j 5.0~ 59.7 
Molecular 
Formula 
C1-CH-CH2-cc13 CH3 
Clt¢H-CH~CC13 CH3 -<-
41.51517:52.5 43.0 6.4 50.7 Cl{CH-CH~-CC13 CH -, 3 ~ 
( 
fl) 
.... 
-· 
22. 
Third fraction: 
1,1,1,7-tetrachloro-3, 5-dimethyloctane 
Cl-CH•CH -CH-CH -CH-CH -C 013 I 2 I 2 I 2 
CH
3 
CH . CH 
3 3 
The yields of different tetrachloroalkanes obtained 
in the experiments performed under pressure are compared 
with those obtained in the experiments performed at at-
mospheric conditions in Table VI. Percent weight of each 
' tetrachloroalkane<:' is given based on the total yield of 
' 
tetrachloroalkanes. 
From the data tabulated in Table VI, it can be seen that 
t~e CC14/c3H6 ratio affects the product distri~ution. A 
decrease in CCl4/C3H6 ratio decreased the formation of pro-
p~e-carbon tetrachloride addition product, but increased 
the formation of telomere. 
23. 
TABLE VI 
The influence of carbon tetrachloride to propene 
ratio on the yield of different tetrachloroalkanes, 
fxperimental Atmospheric pressure Pressure 27 atmospheres 
conditione Temp. at 76°C. Temp. 94-130°C. 
-
·--
Molar ratio 
d.Cl4 Excess cc14 1;1,6 %H6 ~ 
Total yield of 
tetrachloro- 8.23g. 50.4lg. 
alkanes 
------- -------- ----------
D~fferent frac-
% % t:IJons g. g, 
' 
---· 1-- --------- --
1 ,1 ,1 ,3-tetra-
chilorobutane 4.50 54.8 23,28 46.00 
l,i,l,5-tetra-
c!aoro-3-methyl 2.13 25,8 22.55 44,90 
he ane 
-- ----
' 1 ,1 ,1, 7-tetrae 
chlloro-3 ,5-di- 1.10 13.3 2.31 4.57 
methyl octane 
Res1due 0.5 5.1 2.27 ~.53 
/ 
/ 
2. CHEMICAL TRANSFORMATION OF 
l,l,l,X-TETRACHLOROALKANES 
24. 
a. Preparation of X-chlorocarboxylic acids: 
One of our objectives was to study more closely the 
products obtained in the telomerization of propene with 
c~rbon tetrachloride and to transform tetrachloroalkanes 
obtained into some other compounds. The synthesis of 
some other compounds from our tetrachloroalkanes should 
a1so confirm or disprove the structure assigned to them 
on the basis of the analysis. 
Assuming that the tetrachloroalkanes obtained contain 
a trichloromethyl and a chloromethylene group, we took 
advantage of thes different reactivity of these groups. 
It lis known (13) that the trichloromethyl group will re-
I 
act with electrophilic reagents like ferric chloride, 
aluminum chloride, sulfuric acid, nitric acid etc., while 
the chloromethyl group will be intac~. With nucleophilic 
reagents like ammonia, amines, sodium acetate etc., the 
I 
sub~titution of the chlorine of a chloromethylene group 
will occur. Therefore it is possible to causJttrichloro-
met~yl and~chloromethylene group to react independently. 
25. 
The compounds were treated first with concentrated sul-
.furic acidl Under these conditions the trichloromethyl 
group should be hydrolyzed and as a result, a carboxylic 
acid shibuld be formed. 
freparation of ~ -ch1orobutyric acid. 
The known methods for the preparation of ~ -chloro-
butyric acid described in the literature can be summari-
z•ed as follows: 
1. From o< -crotonic acid: 
By saturation of ether solution with dry HCl 
(94 ,96 ,97). 
0 With aqueous HC1 at 80-100 in a sealed tube (95). 
By boilingcwith 20% HCl (98). 
2. From allyl cyanide with fuming HCl at 50-60° (99). 
3. From 3-chlorobutano1-1 by oxidation with alkaline 
· KMn04 (100). 
4.! From ~ -chloro-n-butyraldehyde by oxidation with cone. 
HN03 (101). 
5. From tv- -butyric acid with so2c12 and di benzoyl peroxide 
•in cc14 a mixture of.(.,!\ and Y"chloro isomers is obtain-
!3<i ( 102) • 
6. From~ -amino-n-butyric acid in 25% aqueous HCl with 
NOCl under pressure (103). 
7. From ~ -butyrolactone by addition of ammonia in a polar 
tiol vent ( 104) • 
26. 
have 
welfound now a new method for the preparation of 
.~-chlorobutyric acid from 1,1,1,3-tetrachlorobutane. 
1,1,1,3-Tetrachlorobutane obtained in the previous 
experiments was hydrolyzed, with sulfuric acid as follows: 
A mixture of sulfuric acid (97.1%; 41,2g,) and water 
.{1,23g.) was heated on a steam bath to 95-l00°C. in a 
three-necked flask (250ml.) equipped with a stirrer, ther-
mometer, condenser and dropping funnel, 1,1,1,3-Tet-
rachlorobutane (20,0g,, 0.103 mole) prepared from tel&-
marization of propene and carbon tetrachloride was dropp-
e:d in over a period of one hour. A vigorous evolution 
of hydrogen chloride was observed during this addition. 
Stirring and heating were continued for one hour. The 
solution was then cooled, poured over 40g. of ice, and 
e~tracted with five 10 ml. portions of carbon tetra-
c~loride, The extract was washed twice 'lri th water and 
then dried over magnesium sulfate, Carbon tetrachloride 
wa~ then removed by distillation. The residue was distill-
ed under reduced pressure. 
1 A clear liquid ( 8. 30g,) was obtained which boiled at 
:o Jo 
116 c. at 22mm and had a refractive index,~»~l,4422, 
Th~ product melted at 16°C, and formed crystals from dry 
etner, It had a characteristic smell of butyric acid, 
There data are in agreement with those reported in the 
' litl9rature (60) for dl-P-1 chlorobutyric acid, The infra-
red spectrum of our S8.Diple and of authentic dl- (!1-chloro-
27. 
butyric acid were identical. The calculated neutrali-
:zation equivalent for ~ -chlorobutyric acid is 122.4; 
the neutralization e~uivalent of our product was 122.0. 
all 
The physical properties oflother chlorobutyric acids are 
compared below: 
1. dl-o(. -chlorobutyric acid (60): 
g 20 
B.P. 109.5 c. at 24 mm. (81).nu •1,441.1 (82). 
CH -CH -CH-COOH 
3 2 1 
Cl 
2. r-chlorobutyric acid (60) (79): 
0 0 20 M.P. 14 C., B.P. 111 c. at 8 mm. (79) niJ = 1.4512 (80). 
CH - CH -CH -COOH 
1 2 2 2 
Cl 
3.Ql-chloroisooutyr1c acid (e3J, Hi4): 
fH3 
cH3-c-cooH I 
Cl 
4. ~-chloro-isobutyric acid: 
B.P. 128-l33°C. at 50mm. (85) 
CH2 -CH-COOH I I 
Cl CH3 
I I 
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Based on the physical properties of different chloro-
, butyric acids, we can eliminate ~-chlorobutyric acid as 
• being our compound because of much higher refractive index, 
·and ol•chloroisobutyric acid because of a higher melting 
·point. 
:·. When our compound was boiled with dilute NaOH and then 
the solution acidified with H2so4 and steam distilled, a 
white solid was obtained (100). It melted at 72°0. and 
<gave a positive Bayer's teat for unsaturation. The com-
pound did not depress the melting point of o<. -crotonie 
acid. 
aq.NaOH 
Cl•CH-CH -COOH••·---)o I 2 
CH3 
CH -CH=CH-COOH +HCl 3 
m.p. 72°. 
Crotonic acid certainly could not be prepared from 
~-chloro-isobutyric acid. 
That our acid was r; •chlorobutyric acid was confirmed 
by the preparation of itsr -toluidide. 
One gram of the compound was mixed with 0,5lg. of 
thionJl chloride in a 25 ml. flask equipped with a con-
denser. The mixture was then heated at 60°c. for 2i hours. 
Arter cooling a solution of 0 ,5lg. of the 1s -toluidine in 
~5 ml. of benzene was added, and the contentAwarmed on the 
steam bath for 2 minutes. The solid was filtered and wash-
ed with 15 ml. of 5% hydrochloric acid, then with 15 ml. of 
4 percent sodium hydroxide solution, and finally twice with 
I 
' 
I I 
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9 ml. of water. The solid was dissolved in 9 ml, of methanol, 
a small amount of charcoal added, and the mixture warmed 
for a few seconds and then set aside for 5 minutes, The 
methanol solution was then filtered warm. The filbrate was 
.clear and when 10 ml. of water was added cloudiness and 
·some fine crystals appeared, The fla'skl ~ was heated until 
the cloudiness dissapeared and then cooled, The crystals 
were filtered and recrystallized from 9 ml, of methanol 
.and 10 ml. of water, The yield of dry 
melting at 115°-116°C. at 760 mm., and 
,Beilstein test for halogen, 
crystals was l,lg,, 
,!(. gavet positive 
The melting point is in agreement with the value re-
,ported by Wolfenstein (87) for~ •chlorobutyryl-p-toluid~de 
i (M.P. 115°. , Cl 16.78%). The reported melting point of 
· 0(.-chloro-n-butyro-p-toluidide is 98°c. (87). 
On the basis of the above results we can conclude that 
the structural formula assigned to our starting material 
(tetrachlorobutane) was correct and that hydrolysis went 
as follolts: 
Cl-CH-CH -CCl 
1 2 3 
CH3 
Cl-CH-CH -COOH I 2 
CH
3 
1,1,1,3-Tetrachlorobutane ~ -chlorobutyric acid. 
, I 
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The previous reactions also prove that the trichloro-
methyl radical adds to the propene in the following manner: 
CH ------.-~ 
CH3 
• 
- CH 
I 
CH3 
:and not in the fashion ihdicated below: 
' 
• 
cc13 + fH ; CH2 
CH3 
-------~ CC13 -
• 
CH - CH I 2 
CH3 
Preparation of 3-methyl-5•oh1orohexanoic acid. 
l,l,l,5-Tetrach1oro-3,5-4imethylhexane prepared in the 
ite1omerization of propene ldth carbon tetrachloride was 
hydrolyzed with sulfuric ac14 in the manner described in 
:the previous experiment. 
To a three-necked flask (250m2.) equipped with a stirrer, 
thermompeter, condenser and dropping funnel, a mixture of 
.cone. sulfuric acid (97.1~; 4l.lg.) and water (l.23g.) 
was added. The mixture was heated on a steam bath to 
~5-100°0. 1 ,1,1,5-Tetrachloro-3, 5-dimethylhexane (10,17g.) 
was dropped over a period of one hour. A vigorous evolu-
tion of hydrogen chloride was observed during this addition, 
Stirring and heating were continued for 1 hour and 50 min. 
the solution was cooled, and then poured over 40g. of ice 
and extracted with carbon tetrachloride four times. ·~·"' 
• I 
I' 
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;The total amount of carbon tetrachloride used was 84 ml. 
Carbon tetrachloride was removed by distillation. The 
residue was distilled under reduced pressure in a Vigreux 
microcolumn {2"). A fraction U.:>g.) was obtainea. which 
0 boiled at YO C. and 2 mm. pressure, and was insoluble in 
.water. The neutr,lization equivalent determined in a 
50 percent methanol solution was 163.5. The calculated 
neutralization equivalent for 3-methyl-5-chlorohexanoic 
acid is 164.4. The chlorine analysis showed 21.0% Cl, 
$Rd indicating that the acid is presumabley 3-methyl-5-
chlorohexanoic acid. (c7H13o2Cl), The calculated value 
for ch:j.9r~nec,i~,20.9%. 
' .. ' . ' . ~ .• •' <'. \,... .1. ) ' 
/ .L ,,.1 ': 
r 
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b. Preparation of X-amino carboxylic acids. 
Reaction of alkyl halides with ammonia furnishes a 
'method for the preparation of alkylamines (76). 
I 
RX + NH3 --------~ RNH2 .. HX 
The disadvantage of the reaction is that it proceeds 
further with tn~ormation of dialkylamines, tertiary amines 
and a quaternary ammonium salts. 
RX + R N -----~ R4NX 3 
The ability of ammonia to replace halogen has been 
used by Fis~er (78) to prepare a large number of amino 
a:cids. Preparation of dl-alanine (73) from()( -bromo-
p'ropionic acid, and glycine (74) (75) from monochloroacetic 
acid is ~known proceduraa. Cheronis (75) found that the 
addition of ammonium salts, particularly ammonium carbonate 
. m during the amonolysis of chloroacetic acid prevents the 
secondary reaction of amino acids formed. It is assumed 
that the carbonate ion reacts with the amino group to form 
the carbamate of the amino ac.i.d thus inhibiting the re-
action between the unchanged halogen acid and primary 
amino compound. The carbamate of the amino acid is unstable 
I' 
\1 
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and at •emperatures above 70° it decomposes to amino acid, 
CH2coo-l -
HNCOO 
CH2COO-I -NCOO 
H2 
~ -Amino•butyric acid: 
Reactions and methods just described, were used to 
carry the ammono,lysis of X-chlorocarboxylic acids pre-
pared from our telomere. Thus, ~-chlorobutyric acid 
(2,5g., 0,02 mole) was charged to a mixture of 27,7% 
a$monium hydroxide (64g., containing 1 mole of NM
3
), and 
ammonium carbonate (llg., 0,1 mole) in a heavy wall glass 
tube. The tube 
17 hours at 60° 
.o 
was then sealed and heated at 60 • After 
the tube was cooled on Dry Ice and open-
ed. The contentswe~heated on a steam bath for 3 hours 
. 
and then over a free flame until the temperature reached 
.o 
112 c. A sirupy residue containing some solids was obtain-
ed• The residue was cooled and 30 ml, of absolute methanol 
a~ed. A fine colorless crystaline material appeared which 
wa~ filtered orr. 
~' 
II 
\ t 
The yield of·crystals after drying was 0.6lg. They were 
very soluble in water and, gave a positive Beilstein test 
for halogen, and a positive ninhydrine test, indicating 
that an amino acid is present. For the ninhydrine test 
a .3% solution of ninhydrine in n-butanol was used. The 
crystals were not uniform but appeared to be a mixture of 
cubes and needles. 
0 The volume of the filtrate was reduced at 60 and 
100 mm. pressure. When 1 drop of 1 percent aqueous potass-
ium permanganate was added to a few drops of the filtrate, 
the purple solution decolorized very rapidly, indicating 
the presence of unsaturation. Beilstein test for halogen 
and ninhydrin" test for amino acid were both positive. 
There was no doubt that the reaction products contained 
some amino acids .contaminated with ammonium chloride and 
some other unsaturated compounds, probably crotonic acid. 
Amino carboxylic acids, crotonic acid, and ammonium chloride 
have very similar solubilities in the methanol. The prob-
lem was therefore how to separate the amino acid from the 
neutral salts and other compounds. We decided to try the 
' separation by means of ion exchange resin. It is known 
that sulfonic acid resins (like amberlite IR-100, amber-
lite IR-120, Dowex 50) can bind amino acids fairly firmly 
(lOS). 
! 
\ ( 
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The cation exchange resin are also known to convert a 
neutral salt to the corresponding acid by the reaction 
such as: 
~ should be therefore possible to separate the amino 
acids from the amonium chloride simply by elution of the 
9olumn with water after the solution containing the amino 
acid has been passed through. 
The experiment was carried in a column (20 mm. inside 
~iameter) containing 20g. of a srongly acidic cation ex-
change resin (Dowex 50W-X8) in its acid (H+) form. The 
column was washed with 50 ml. of distilled water. The: 
crystals (0.3g.) and filtrate (0.3g.) obtained from the 
ammonolysis were dissolved in water (20ml.). The water 
solution was then passed through the column ,, Itt- a rate 
ot t ml. per minute, followed by washing with xatersuntil 
no more chlorine was detected in ~e eluted liquid. 
! The eluted liquid was evaporated to dryness. A small 
wh~te deposit was left in the beaker melting at 72°C. 
and. smelling like crotonic acid9 -:,r1'he l:l:inhydin-> test was 
negative. 
The column was then eluted with 5% aqueous ammonia until 
tHJ liquid eluted from the column gave a basic test. The 
0 liquid was evaporated to dryness at 60 and lOOmm. pressure. 
0 
Jlol!otihess'!Beedles were obtained melting at 183-185 • The 
reported melting point is 183°C. 
36. 
', They gave ant~ntense blue color on heating with ninhydin<:>. 
, The product appeared to be !?!"'amino butyric acid. No 
chlorine could be detected (Beilstein test) indicating 
that the cation exchange resin was effective in separating 
the amino acid from the salts. 
I~ I, 
I' 
Q 
I 
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• c. TELOMERIZATION OF PROPENE BY 
MEANS OF STEREOSPECIFIC COMPLEXES. 
1.) STEREOSPECIFIC COMPLEXES AND TELOMERIZATION. 
All telomerizations reported up to now in the litera-
ture were initiated by free radicals generated by per-
oxide or azo catalyst, ultraviolet light or gamma rays. 
It was therefore of interest to find whether the telo-
me.rization reactions would proceed by a mechanism other 
th~ free radical mechanism. Our main interest was to 
st¥dY the reactions catalyzed by stereospecific complexes 
discovered by Ziegler (14) (15). Thea& complexes have 
' 
been recognized for more than five years as active in 
prdmoting low pressure polymerization of ethylene and pro-
pene. Natta and his collaborators succeeded through the 
use of the Ziegler catalyst in polymerizing certain alpha 
ole~ins to polymers with remarkable structural regular-
ity (16) (17) (62) (63). 
r 
38. 
In the chaine of these polymers the asy~etric oar-
bon atoms alternate with the methylene group, 
4nd in contrast to the random distribution of the side 
groupe found in conventional polymers: 
~ ~ ~ 
-Ctl - C.H 1 - CH- CWz.- CH -CH.I. - C H -CHz -C 1-1-
i i atactic 
The stereoregulated polymer chaine have the side 
groups either all on one side of the main chain (16~ 
I 
-4,cii-CHz-CH 
' I I ~ 7< 
I 
- CHz - CH- CHz -CH-
I I 
-p.. "ff. 
isotactic 
or1 alternatively on both sides of the main chain (61) 
(6[3) (64), 
""R 'Rt 
. I 
-4J.1- CHz -CI-t- CH.z- C H -CH.t_ -CH -CH,~. -CH~ 
I I I 
""R ]( ~ syndiotactio 
' 
I 
'I I, 
fl 
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These regular arrangements of the chains account for 
the crystallinity of such polymers. In the crystalline 
state the chains have a helical structure, which was 
proven to consist of three monomer units per turn of the 
helix in the case of polypropylene (65) (66). 
Such a regularity could not be obtained by a free radi-
cal or cationic polymerization. Each active center of the 
s;tereospecific catalyst for the polymerization of alpha-
olefine must perform a more delicate function, that is, 
at the moment of polymerization it must create units hav-
ing all the same steric configuration. 
While cationic catalysis is favored by the presence of 
pdlar solvents, this does not appear to occur with stereo-
sp~cific catalysts. This is why all heterogeneous poly-
merizations are carried out in highly non-polar solvents 
such as pentane, hexane, heptane, xylene etc. It was 
of,interest to examine the effect of carbon tetrachloride 
on the heterogeneous polymerization of propene and to 
de~ermine whether or not any transfer between car~on 
tet~achloride and the growing polypropylene chain would 
occur. 
In general, the catalysts are complexes formed by a 
rea~tion between trialkyl aluminum and titanium tetra-
chloride and seem to involve the following steps: 
l. TiCl 1o A1 
' 4 
r 
I 
40 • 
• 
Different reactions can then follow depending on the 
.ratio of Al B); Ti 014 used, When the ratio of Al/Ti 
(1 the reactions between aluminum alkyls and titanium 
halides can be represented as follows; 
4. Al~ +- Al R Cl 
2 + R 
+ R 
At the ratio of A1 ~/T!Cl) 1 the reactions follow 
the sequences J 
• +- R 
• +- R 
'The radicals R terminate as indicated in reaction 3. 
n 
\ 1 
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In the inert hydrocarbon solvents used, insoluble mixed 
halide-alkyl complexes of aluminum and titanium are formed 
having variable eomposition. This composition depends 
upon its preparation, since numerous reactions can occur 
b~tween titanium a&lide and aluminum alkyl depending on 
' 
the amount and type of A1 R) used. (see reactions on 
previous page). 
Cooper and Pose (67) calculated from the analytical 
data the average valency of titanium in the solids. On 
the assumption that the Al, Cl and alkyl radicals all 
e~ert their normal covalencies, the average valency 
value for titanium ranges from 3 to< 1. The extent to 
which Ti 014 is reduced depends largely on the amount of 
Al: Et3 used. 
Other workers (18) however found that Ti+4 is needed 
fo:f a more active catalyst and that the complexes are 
co~posed of three parts 1an alkyl donor, titanium~ and an 
electrophilic agent. The alkyl donor aay be any of the 
co~on alkyl metals such as aluminum alkyls. The Ti+4 
may be supplied by titanium tetrachloride-, and the elec-
trophilic agent may be derived from aluminum halides or 
alkyl aluminum halides. In the usual trialkyl aluminum-
titanium tetrachloride systems, the required electro-
philic component such as an alkyl aluminum halide ia produced 
42. 
during the reduction of titanium. 
~Al + TiC14 ----~ R2 ACl, R AlC12 etc. 
_.TiC1
3 
+ TiC12 etc. 
+olefine, alkanes, etc. 
Analysis of the catalytic solids show that they al-
~aye contain Ti, Al, and alkyl groups, but there is, as 
yet, no direct evidence indicating to which metal atom 
the alkyl groups are attached (67). 
It has been suggested (20) that in the Ziegler cata-
lyst TiC14/AlR3 the aluminum trialkyl has the posib111ty 
of forming an electron octet by using one Cl atom of the 
Ti1Cl4 as an electron donor. 
tion complex can dissociate, 
The first formed associa-
+ creating a Ti ion and a 
nesative Al complex ion, and thereby making an active 
spot for polymerization on the catalyst surface. 
Cl ~+ 
Cl Ti Cl 
Cl 
R~- ( Cl)+ Al R ----~ 81 Ti 
R Cl 
++ ~f the TiC14 reacts with 2 moles of Al ~· a (Ti Cl2 ) 
ion lis 
i 
! 
I 
formed, or starting with TiC1
3 
which is solid 
I' I. I. 
I 
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\crystalline powder) and A1 ~· a {Ti Cl2 )+ ion can be 
formed: 
The positive charge would attract the Jl electrons of 
tne monomer in order to neutralize its charge and to fill 
uw its outer orbital again, if possible to an octet. 
After the monomer is activated on the Ti cation, its 
p~sitive end orients to the negative complex ion. 
CIJ-. 
I 
CH 
(-J II 
CHz 
(7i: Cl.) +- ( Ae~3 ce;-
attraction and initiation 
> 
orientation 
The carbonium ion is then pulled into the negative com-
ple~. By this migration of the activated monomer the 
• {Tiqi3) ion is reformed and the growing polymer chain 
' stab~lized in the complex ion. 
CH?J 
I 
...-eH-"'R 
CH~ 
: + I 
: ( t:i''CiJ) ( A€ 1<~ eR,)-
migration and propagation 
;#·'·· 
I 
,t 
.. 
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~· ~~.~onomer unit as&in is initiated on the T1 
c•'~ aJ~_.::the whole process starts once more. 
I , 
.. 
J 
cu~ 
I 
* _I .• ,. 
All further monomers add in the same way until a very 
: large chain is formed which undergoes termination by H-
! extraction. 
CH~ 
->~(,z;·c.e3) + (At'R.2au)+c.~=~~ 
termination. 
45. 
i· 
The stereospecificity has its origin in the orienta-
tion of the activated monomer. The methyl group of pro-
pene is turned away from the catalyst surface when the 
.pre-polarized double bond reacts with the activating 
cations. When the first monomer has migrated inoo one 
, complex anion, ont:t end-group outside the complex center 
could theoretically have free rotation which would destroy 
the orientation of the methyl group, There must exist 
some form of stereo-stabilization of the pre-oriented 
methyl group, This could be possible by formation of a 
'hydrogen bond between the methyl group and one of the 
substituents of the complex ion, preferably the most nega-
. tive one namely a chlorine atom. 
A very plausible explanation of the stereospecific 
complexes and their mechanism was given by Patat and 
Sinn (19). They stated that the polymerization is neither 
free radical nor ionic, but is rather based on electron 
deficient bonds. They proposed the formation of the 
following complex between the alkyl metal and metal salt: 
c.e. 
,-
/ ', 
I ·~ 
;-.:: 'Ae 
·... . 
•• •• C. I-{ l. •• •• 
I 
i 
I I 
••••••• Electron deficient 
bonds. 
-------Bridge forming bonds, 
Possibility of free 
D. overlapping of elec-
trons. 
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The polymerization with such a complex would proceed 
~ccording to the schemel 
'"R...._ b 
'"'" ._ ..... cu, 
.... "· ... - .......... 
'lt,/ 
- c.e.. 
- /g.., 1-' ,r!-, 
I ' I \ 
-o/ ' , ' T~ A~ :3. ~e. lt. U M s: 14-
•• ,. 
' 
. 
'• \ 6. ex:· oil' • • • • I>• 
'C'4l ~ hi.& C.ltJ. ~, I ~\ &--........._ocJ (.) c- C.li ~(.4, 1\''~u\ -r(l \.~. ~: R, f., '"i;z. Oi~ ll., "1.1 C H 3 
The complex formed in step 5 is equivalent to the 
initial complex and the same cycle is repeated again 
and again, The appearance of the alkyl groups from 
aluminum all,yl in the polymer chaine was determined by 
~atta (68). When using triphenylaluminum in the preparation 
I ' 
I 
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of the catalyst for the polymerization of propene the 
presence of phenyl groups attached to tertiary carbon was 
established by I.R. 
- CH 
2 - CH -I 
CH3 
,The above mechanism would rule out any splitting of the 
chain and wauld explain the bonding within the complex 
and activation by polarization of the alkyl-metal bond. 
Each monomer unit is adsorbed on the complex in a same 
.oriented position and since the free rotation, after the 
:formation of Ti---c.,( bond, is not possible because of the 
over-lapping electrons (2p, 2p, 3d) the carbon C~ is held 
in a firm steric configuration. 
Depending on the stereochemical structure of such a 
complex, the addition of the monomer unit wilJ be stereo-
: oriented producing stereospecific polymers. 
The step which was of the most concern in our telomeri-
zation exper:l.ments with stereospecific complexes is ter-
mination of the growing chain. This termination can occur 
by several transfer reactions proposed by Natta (69) 
:and indicated below: 
' :1. Unimolecular termination of a macromolecule by trans-
'fer of a hydride ion to the complex, 
[cat)· (CH
2 
~HL-R ---::,.[catj·H + 
CH 
3 
CH =-c f( CH -CH V-R 2 1L' 2;J 
C 
,.._, 
H3 CH) 
48. 
and the subsequent initiation of a new macromolecule, 
[cat} H .j. CH 2 =- 1H ---~[:at] -
CH 
3 
CH -2 CH 
' 2 CH 
3 
21 Termination of one molecule and the simultaneous 
' initiation of another macromolecule by transfer of a 
hydride ion to a monomer, 
[catJ(CH2 ;H~ -R 
CH
3 
-----~ [catj. CH2 - CH I 2 
CH3 
;;;::. CH--------;... 
I 
CH3 
+ CH
2 
:;;: C -(CH CH)-R 
2 1 ,..-, 
CH3 CH3 
3, Cessation of polymer propagation by transfer bf the 
pblymeric ion to metal alkyl: 
[cat)· (cH2 1H?._ -R, 
CH3 
I 
+ R AlR-------~ 
2 
(CH - CH) -R 
2 f Moll 
CH 
3 
we assumed that similar termination steps could occur 
between carbon tetrachloride, catalytic complex, and 
I J, ,, 
49. 
growing macromolecule, 
;I.. [cat] ·(CH2-rH)~-R + cc14 ----"" [catj-Cl+CC13 
CH3 
( CH -CH) -R 
2 I ,. 
2. [cat] ·Cl + CH
2 
;; 1H ----~[cat) ·CH2 
CH3 
-CH-Cl 
I 
CH3 
CH3 
Cl .J. CC14 ---~rat] Cl f CC13-cH2-~H-Cl 
CH3 
- CH Cl 
I 
CH 
3 
1- ( CH2 :. ~l_--~ [catJ • [cH2 -
CH3 
CHj Cl 
I ,.,..., 
CH3 
5, [::at)'(CH2 -~H),... Cl + CC14 
CH3 
----7 rcatJ•Cl+ CCl-[-CH -CHj Cl L 3 2 1 ,... 
CH3 
If carbon tetrachloride reacts only with the catalytic 
complex and poisons the catalytic activity of the complex 
then no polymerization should occur. If transfer reac-
tipns as indicated above do occur they should lower the 
molecular weight of the polymer and chlorine should be 
detected in the final product, 
" 
II 
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2. EXPERIMENTS WITH ALUMINUM TRI~ISOBUTYL: 
TITANIUM TRICHLORIDE AND CARBON TETRACHLORIDE. 
It is known that propene is polymerized to crystalline 
high molecular weight polymer with aluminum tri-isobutyl; 
titanium trichloride catalyst in an inert solvent. In 
our experiment the polymerization was performed in a 
mixture of hexane and carbon tetrachloride. 
There are very high purity requirements for the work 
with alkyl aluminum. In our study, hexane and propene 
were Phillips pure grade. The aluminum tri-isobutyl 
5P volume percent in~-heptane was from Hercules, The 
TiC13 was from the Stauffer Chemical Company. Both cata-
lrst components were used without further purification. 
The carbon tetrachloride was from How & French,reagent 
The hexane was washed with H2so4 , then water, dried 
OTer magnesium sulfate and then distilled, discarding 
t~e water azeotrope. 
The carbon tetrachloride was dried over calcium chloride, 
and distilled. j 
\ The propene was passed through a column containing 
I 
KQff, and then through DrieRite. 
'I 
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Aluminum triisobutyl is supplied in the pop bottle 
.blanketed with 950 mm. nitrogen pressure. The material 
the 
:,reacts vigorously with the moisture of air and should be 
handled with extreme care. 
The material was transferred to the reaction flask 
with a hypodermic syringe. 
The reaction was performed in a three-necked flask 
~quipped with a stirrer, gas inlet tube, thermometer and 
Dry Ice condenser. The outlet of the condenser was connect-
ed to a trap cooled in Dry Ice. 
After the addition of hexane (60g,) the flask was purg-
ed with dry nitrogen,and titanium trichloride (0,04 mole) 
and aluminum tri-isobutyl (0.02 mole) were added. The 
mplar ratio Al/Ti=G,5 was chosen in order to facilitate 
I 
tre formation of lower molecular weight material (21). 
T~e influence of the Al/Ti ratio on the molecular weight 
of polymers has been investigated by Ziegler, who found 
' 
that the ratio (1 usually produced lower polymers. After 
' 
tqe addition of carbon tetrachloride (40,0g.) at 27°0. 
p~opene gas was slowly introduced over a period of 3 hours. 
' 
0 T~ reaction temperature was kept at 32 c. since at a 
hifher temperature the reaction became quite exothermic 
an~ hard to control. After 3 hours the reaction mi~ture 
was cooled to 0°C, and quenched with methanol, to destroy 
the catalyst. The methanol {30ml.) was added very slowly 
0 kl,ping the temp. below 10 c. The solvents and the residual 
II 
~ I 
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propene were removed by distillation at normal pressure. 
I 
The residue was a dark brown oily liquid containing a 
considerable amount of fine dark suspension. Solids 
w~re removed by filtration. The filtrate was washed with 
water until neutral, then dried over anhydrous sodium 
c~rbonate and filtered. 
L¢quid Portion. 
The liquid portion was fractionated in a Vigreux 
Cflumn (4") under reduced pressure. The fractions obtain-
e~ and the analytical results are summarized in Table VII. 
' T~ese results indicate that the first fraction corresponds 
' 
to trimers of propene (see Table VI on page 17) and that 
atl carbon tetrachloride has been already efficiently 
removed by distillation at normal pressure. The second 
and third fractions have boiling points in the range of 
the tetramers and pentamers but have a much higher re-
f~active index, than the tetramers and pentamers of 
propene. 
' 
,, 
,, 
I 
II 
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TABLE VII 
Analysis of liquid fractions from telomeri-
zation of propene with carbon tetrachloride 
using aluminum tri-isobutyl:titanium tri-
chloride as a catalyst. 
Fraction 
;B.P.correct-~ 20 Found 
0 1ed to 760mm. nD ' , H B.P. C. · I C C 
; none Ht. (2.lg.) ! I I '40-85/40mm. i 125-175 r· 1.4248j84.7 15.4 
I I 
! 
2l).d. (4.9g.) I ,60-85/lOmm. 175-210 \1.4401 83.1. 14.3 
1
2.6 ;none 
I 
,85-105/lOmm~ 210-230 
I I 
' jl.4749 82.62 11.591 4.8li none 
! ---------~----~--------~---r-----
Reeidue ( 2 .og.) 
Chlorine analysis also indicated that some telomerization 
di~ occuri The calculated values for the polypropylene 
stli'ucture, 
I 
.. CHl .. CH I 'J,... 2 
CH3 
- CH I 2 
CH 
3 
wit~ n values 2 and 3, would be: 
n•2 (tetramer) C, 85,2%; H, 14,8% 
n•3 (pentamer) C, 85,5% H, 14,5% 
--
!! 
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From the wide boiling range, it is evident that the 
fractions obtained are not pure compounds. If the struc-
: ture assigned to these fractions on the basis of carbon, 
hydrogen and chlorine analysis would be as indicated be-
low, 
CH .:::c-rcH 
211.:.2 
CH3 
the n value and the molecular weight of the second fraction 
would be: n=30 
M.W.'"l35.4, 
'and the n value and the molecular weight of the third 
;fraction would be: n'"l6 
M.W ... 748.4. 
If these structures would be correct, then the boil-
ing point of the third fraction should be lower than the 
one of the second fraction. The introduction of chlorine 
~nto the hydrocarbon chain always increases the boiling 
point. Comparing the boiling points of higher homologs 
of propene with the proposed structures above it is ob-
vious that if these structures would be correct, they 
~hould have a much higher boiling point than 230°0. at 
Y60 mm. A reasonable conclusion is that the second and 
third fraction correspond respectively to a trimer and 
' 
tetramerc containing chlorinated compounds with the same 
li>oiiiJ.ing point. 
f",. 
. . 
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Solld Portion. 
A dark brown powder (5.0g.) obtained from filtration 
was washed several times with methanol,acidified with 
hydrogen chloride and then with methanol a~one and dried. 
·The material recovered after washing and drying (4.9g.) 
·had quite a sharp melting point at 135°C. (melting point 
, of isotactic polypropylene is 175-176°C.) On melting the 
color became darker and some decomposition was observed. 
It was found to be parti~lly soluble in acetone. 
A PDI'tion of the dark powder (3.0g.) was treated with 
0 
acetone at 50 for a few minutes and then filtered hot 
.through a sintered glass filter, applying only light suc-
tion. The residue on the filter was not further invest!-
gated. 
The filtrate was clear but brown in color. It was 
poured in a 500 ml. of absolute alcohol. A dark brown 
,pecipatate formed. After :Cil tration and drying at 40° 
for two days 2.7g.1 of the material was obtained. 
After igniting 0.300g.1 of the material in a crucible, 
no ash was left, and no gain in weight was detected, indi-
eating that no metals are present. 
The melting point of the material was 134-137°with 
darkening of the material. 
FUrther analysis of the acetone-soluble fraction gave 
the following results; 92.5%C. 7.5% H,~.4% Cl. 
'1 A very high number of aarbon atoms indicated by the 
analysis, could only be approached with a highly unsat-
urated structure indicated below: 
The calculated value for thls structure would be: 
n-216 
M.W.-8716 
89.9%, 9.9%H, 0.4%Cl. 
It a telomer structure, shown below would be considered 
the n value and the molecular weight would be even higher. 
-
• :1 q ! -Cl 
The dark color of the compound could be explained on 
th!e basis of the extensive conjugation. Sample obtained 
frbm acetone extraction was dissolved in hexane and hydro-
gehated with Pt black {0.0373('.) at normal pressure. Only 
17~3 ml. of hydrogen was consul~~Jied for O.l027g. of the 
sample used. When the hydrogenation was performed at 50 lbs. 
pressure, no absorption of hydrogen was noted. 
' 
:The infrared spectrum of the pellet prepared from the 
mixture of the potassium bromide with the sample was taken 
on!a double beam infrared spectrophotometer {Perkin-Elmer 
' Moqel 21). 
I 
I 
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!,The absorption bands of the spectrum were as indicated 
;tlelow: 
2940 -1 very strong. CH3 stretching vibra-em. 
-1 tlon. 
1610 em. strong. c=c stretching vib, 
1460 -1 strong. CH3 and CH2 def. vib, em. very 
1380 em. -l very strong. CH3 deformation vibl 
1365 -1 strong. em. very 
885 .. 870 -1 strong. em. 
820 -1 strong. em. 
The spectrum is remarkably different from the spectrum 
obtained on polypropylene film, although they had the 
following absorption bands in common: 
2940 em. -1 very strong. 
1460 -1 strong. em. very 
1380 em. -1 very strong. 
-1 
1365 em, very strong, 
840 -1 em. strong. 
-1 810 em. strong. 
The: band at 1610 em, -l which could be due to carbon-carbon 
' 
dou~le bond stretching vibration is missing in polypropy-
1 
lens. 
The spectrum of our compound shows a striking similarity 
with t~ spectra of polyisoprenes especially of ol-crystalline 
I, -? 
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modification of balata (70), which is natural trans-
'1 ,4 polyisoprene and absorps at the following frequencies. 
2940 -1 very strone;. em. 
1650 em. -1 strong. 
1460 -1 em. very strong. 
1380 em. -l very strone;. 
1365 -1 em. very strone;. 
875 em. -l strone;. 
810 llllll. -1 strong. 
The band which appears in balata at 1650 -1 em. and is 
due to internal carbon: carbon double bond stretching 
-1 
vibration appears in our sample at about 40 em. lower 
frequency. This would be in agreement with the findings 
or Fields and Karplus (71,72) that conjugation results in 
I 
! 
a \shift of the carbon: carbon double bond absorption band 
toward lower frequencies. 
No definite structure could be assignee to our com-
p~nd on the basis of the above evidence. Only infrared 
I 
ex~ination gave indication of the presence of a doulbe 
bond in the polymerie chain which could be conjugated, 
i 
an~ the similarity of the spectrum with those of polyiso-
pen~, may be due to the. appearance of the internal double 
bond in the polymeric chain. 
\' 
I 
CH -2 C = CH - CH2 - CH2 - C = CH - CH2 I I 
CH3 CH polyisopene poly,er chain 
.. ~~~-
r ---·-
- C = CH 
I 
CH3 
- C = CH 
I 
CH3 
-c=cH-
/ 
CH3 
unsaturated polypropylene polymer chain. 
59 • 
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3. EXPERIMENTS WITH ALUMINUM TRIETHYL AND 
TITANIUM TETRACHLORIDE. 
In the following experiment the procedure was identical 
to the previous one but the catalyst was changed, The 
catalyst was prepared from 0,04 mole of aluminum triethyl 
and 0,04 mole of titaaium tetrachloride, The molar Batio 
of Al Et3; TiC14 was 1. This ratio was selected since it 
gives the highest degree of crystallinity in the product 
obtained by the polymerization of propene, The polymeri-
zation was carried out in a mixture of 50 ml. of heptane 
and 250 ml, of carbon tetrachloride, Propene gas was 
bubbled in at a slow rate for a period of 2 hours, The re-
o 
action temperature was kept below 25 c. in order to avoid 
an exotherm1v reaction which occurred in the previous experi-
ment conducted at 32°C. After 2t hours the reaction was 
cooled to 0°C. and interrupted by the addition of methanol 
(40 ml.), The product was left standing overnight in order 
to decompose the catalyst more efficient!t. The product 
was much lighter in color than in the previous experiment 
and ao solid polymer was obtained, The liquid product was 
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distilled under atmospheric pressure until all solvents 
were removed, The residue was washed with water until 
neutral and dried over anhydrous magnesium sulfate, 
After filtration the liquid (20,lg,) was fractionated in a 
~igreux column (4") under reduced pressure, The fractions 
obtained were as follows: 
I 
Fraction A; 
$oiling at 59-65°0, at 19 11111, B.P. corrected to 760 mm, 
(165•170°0.) 
Fraction ;§; 
' 0 Boiling at 42-67 C, at 3 mm. B,P, corrected to 760 mm. 
( 180-210°0. ) 
~raction Oj 
Boiling at 67-89°C, at 3.5mm. B.P, corrected to 760 mm, 
' 
(210-240°0.) 
Fraction 
A (5.6g.) 
B (4.9g.) 
c (4.8g.) 
D (3.7g.) 
TABLE VIII 
Analysis of liquid fractions from 
telomerization of propene. 
20 ! B.P, (760mm ) ~ %C %H 
l 
165-170 1,426+ 84.9 16.0 
i 
! I 
180-210 1 ,448~] 72.0 13.0 
I 
210-240 1,468 ' 81.6 13.8 
' ! 
residue 
-- i 
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<gel Ash 
0.2 none 
14.3 none 
4.5 none 
The properties of the first fraction are again very 
similar to the properties of trimers of propene listed 
in Table VI on page 17. The results are also in a close 
J' 
agreement with the properties of the first fraction obtain-
ed in !the previous experiment with the exception that this 
time 0.2% of chlorine is present. The second and the third 
fraction have boiling point in the range of the tetramers 
63. 
and pentamers but again a much higher refractive index, 
I than the tetramers and pentamers of propane. It also 
should be pointed out that the chlorine cont~nt in the 
second and third fraction is much higher than in the 
first one. This indicates that the chlorine is not due to 
, the carbon tetrachloride, but due to some other chlorinated 
material. A reasonable conclusion is that the second and 
• third fraction correspond respectively to a trimer and 
, tetramers containing chlorinated compounds with the same 
• boiling range. 
4 • EXPERIMENTS WITH ALUMINUM TRI-
ETHYL TITANIUM TETRACHLORIDE 
AT HIGH TEMPERATURES, 
64. 
In the following experiment the procedure and the cata-
lyst used were the same as in the previous experiment only 
0 the reaction temperature was increased from 25 C. to 90-
o 
100 c. 
The polymerization was carried out in a mixture of xy-
lene (64.og.) and carbon tetrachloride (85.0g.). In order 
to obtain the desired reaction temperature, xylene was 
chosen because of its hish boiling point. The propene gas 
was bubbled into the reaction mixture at a very slow rate 
for a period of 2 hours. The reaction was exothermic and 
red fumes evolved from the liquid. A sharp odor of hydro-
gen chloride could be deteited in the outlet leading to 
the ice-cooled water trap. After 2t hours the reaction 
mixture was cooled to 0°C. and 30 ml. of JPabsolute metha-
nol slowly added. The content was then washed with three 
100 ml. partions of water in a separatory funnel, dried 
over anhydrous sodium carbonate and filtered through a 
aintered glass filter using light suction. 
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The filtrate was transfered to a Claisen flask and the 
:solvents, carbon tetrachloride and xylene were removed 
'by distillation at 50°C. and 20 mm. pressure, The residue 
was a highly viscous blask material which could not be 
fractionated, This material was dissolved in 200 ml. of 
heptane and the solution poured into 1000 ml. of absoLute 
: methanol, A dark pec1patat.e was obtained, wh.1..cb.. ,waa_ffl:l:.er-
ed through a sintered glass filter, 0 After drying at 40 C. 
:for 2 days 13.65g. of a fine dark brown powder was obtained. 
'The polymeric material melted at 194-215°C. and gave a nega-
tive Beilstein test for chlorine. 
The solubility of the polymers in different solvents 
: increasesr1·n;nthe order, 
acetone ( ether ( hexane <. heptane. 
: In order to eliminate higher molecular weight material and 
obtain purer product the above material (12.08.) was warm-
o 
, ed in 100 ml. of acetone at 45 c. for 5 minutes, Mostly 
: all the material dissolved. The solution was filtered 
'twice through a sintered glass filter. The filtrate was 
. clear but brown in color. After pouring the filtrate into 
: a beaker with 500 ml. of water, a brown pecipi tate formed 
0 
which was filtered and dried at 40 c. for 2 days. The 
, weight of the dried polymer was 10,63 g. It melted at 
l92-205°C. and gave the following analysis: 
92.4%C, o. 7%Cl, no ash, 
66. 
These aeeults are in very good agreement with the analysis 
·of the brown polymer obbained in the experiment with 
aluminum tr1-isobutyl and titanium trichloride catalyst 
(page 50). 
A very high number of carbon atoms indicated by the 
analysis could only be explained with a highly unsaturated 
polymer structure. 
The dark color of the compound could be explained on 
' the basis of the extensive conjugation. 
The infrared spectrum of the pellet prepared from the 
mixture of the potassium bromide with the sample was.taken 
on a double beam infrared spectrophotometer (Perkin-Elmer, 
model 21). The absorption bands of the spectrum are listed 
below: 
2940 em. -l very strong CH3 
stretching vibration. 
-1 1616 em. strong C='C stretching vibration. 
1460 -1 strong CH3and CH2 deformation vib. em. very 
-1 
1380 em. very strong CH3 deformation vibration. 
-1 
1365 em. very strong 
885-870 -1 strong em. 
820 strong 
67. 
The spectrum shows the same absorption bands as the 
spectrum from the brown polymeria material obtained in the 
experiment with titanium 
isobutyl (page 50). The 
trichloride and aluminum tri-
-1 band at 1610 em. could be iden-
tified as carbon-carbon double bond stretching vibration. 
This band usually occur~s at higher frequencies, and the 
shift to lower frequencies according to Fields and Karplus 
(71,72) indicates the conjug~tion. 
No definite structure could be assigned to the compound, 
but from the infrared and carbon examination a highly un-
saturated polymeric struct•re could be postulated. 
68. 
CONCLUSI.ON 
1A. Telomerization of propene with carbon tetrachloride 
by free radical mechanism gave the products with a 
general formula, 
Cl (-fH * CH2)nCC13 
CH3 
These compounds were hydrolyzed to the correspond-
ing x-chlorocarboxylic acids which in turn can be con-
verted to the corresponding x-aminocarbQJylic acids by 
ammonolysis. 
B. Telomerization of propene with carbon tetrachloride 
by means of stereospecific complexes, can be summari-
zed as follows: 
1. Carbon tetrachloride does ~ffect the polymeriza-
tion of propene, with heterogeneous catalysis. 
2. The moleeular weight of the polymers is lowered 
considerably. Polymerization of propene in the 
absence of carbon tetrachloride and under the 
69. 
same experimental conditions yeil•sonly waite 
solids, no liquid polymers are formed. 
3. There is evidence of some telomere formed. How-
ever the separation of these telomere ie difficult 
because of the presence of the regular polymeric 
material. 
4. aigher tempera~Ureincreases the formation of the 
dark solid polymer for which a highly unsaturated 
polymeric structure was postulated. 
70. 
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